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D scription 

Field of the Invention 

This invention relates, in general, to a diffraction 
grating, and more particularly, to a tunable diffraction 
grating. 

Background of the Invention 

Information may be transmitted through optical 
wavelengths in the visible and near visible region. The 
amount of information which may be transmitted 
through optical wavelengths may be increased by mul- 
tiplexing several beams of light, each of a different 
wavelength and modulated such that each alone is 
transmitting a large amount of information. 

These wavelengths of light, are usually transmitted 
through an optical fiber. Each individual wavelength of 
light then must be separated in order to' receive and 
process the information transmitted on it. A diffraction 
grating is suitable for this purpose. Semiconductor de- 
vices, such as photodetectors, are used to further proc- 
ess the wavelength of light. 

A diffraction grating of the prior art consists of a 
glass, quartz, or plastic material having peaks and val- 
leys or rows having a fixed spacing. The material is 
transparent at the wavelength of interest. An optical fiber 
is positioned such that the light traverses the diffraction 
grating. The spacing between the rows or the valleys 
between the peaks are positioned such that the wave- 
length of interest is diffracted along the grating. This 
means that the spacing or width of the valleys must be 
fixed along a predetermined section of the grating. The 
spacing or width of the valleys can be different in differ- 
ent sections of the diffraction grating such that different 
wavelengths of light diffract at different sections along 
the grating. Each of the wavelengths may then be f u rther 
processed at particular locations along the diffraction 
grating. 

If these diffraction gratings are integrated along with 
semiconductor integrated circuits, it is desirable for the 
diffraction grating to be easily integratable and for it to 
be as small as possible. In order to monitor a large 
amount of information, either multiple diffraction grat- 
ings having fixed spacing or a large grating having var- 
iable spacing is necessary. It is also necessary to have 
multiple photodetectors, one for each grating or one for 
each wavelength of light to be monitored along a grating 
having variable spacing. It is desirable to be able to mon- 
itor large amounts of information on one small diffraction 
grating. 

Another method of separating wavelengths of light 
is with the use of Fabri-Perrot interferometers with pie- 
zoelectric drives. Th disadvantage of these structures 
is that they are complicated, delicate, and expensive. 

DE-A-3 943 387 describes a diffraction grating hav- 
ing an inactive grating body and a piezo-electrically ac- 



tive grating support, which allows fine tuning of the 
wavelength of diffracted radiation. 

Electronics and communications in Japan, vol. 
63-C, no. 10, pages 94-100, by T. Utsunomiya et al, en- 
5 titled "Electrically Deformable Echelett Grating and Its 
Application to Tunable Laser Resonator', describes an 
electrically deformable Echelette grating with diffraction 
characteristics controlled by shear strain of a piezoelec- 
tric material. 

w 

Summary of the Invention 

In accordance with the invention there is provided 
a tunable diffraction grating, comprising: elements of an 

is electrically conductive material disposed on a deforma- 
ble material in a row, wherein the deformable material 
is transparent to a number of wavelengths of light and 
is deformable in accordance with an applied electrical 
field, and wherein the elements of the electricallv con- 

2Q ductive material diffract a first wavelength of light; and 
a means for applying a voltage on the elements of the 
electrically conductive material to cause a change in 
spacings between the elements so that the diffraction 
grating diffracts a second wavelength of light. 

25 

Brief Description of the Drawings 



FIG. 1 illustrates an enlarged, top view of a portion 
of a diffraction grating of the present invention; 
FIG. 2 illustrates an enlarged, cross-sectional view 
of a first embodiment of the present invention; 
FIG. 3 illustrates an enlarged, cross-sectional view 
of a second embodiment of the present invention; 
FIG. 4 illustrates a top view of a portion of a diffrac- 
tion grating of the present invention, shown in a first 
configuration; 

FIG. 5 illustrates a top view of a diffraction grating 
of the present invention, shown in a second config- 
uration; and 

FIG. 6 illustrates a top view of a diffraction grating 
of the present invention, shown in a third configura- 
tion. 
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Detailed Description of the Drawings 



FIG. 1 illustrates an enlarged, top view of a portion 
of a diffraction grating 10 of the present invention. What 
is shown is alternate rows of elements 1 2 and 14 of an 
electrically conductive material disposed on a deforma- 

50 ble material 1 1 . Rows 1 2 are spaced apart from rows 1 4 
by a spacing 1 6. The distance between a row 1 4 starting 
from a point closest to a row 12 to the outside edge of 
that row 12 is shown here as spacing 17. The wave- 
length of a light 1 9 which will be selected by a particular 

55 diffraction grating 10, for a given angle of incidence and 
diffraction, is a function of spacing 17. Spacing 16 is 
shown for convenience in d scribing tunable diffraction 
grating 10 of the present invention. Note also that the 
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wavelength of light 1 9 which will be selected is also a 
function of sDacina 16 because spacing 16 is a function 
of spacing 17. To select one wavelength of light 19, 
spacing 16 must be substantially the same between 
rows 1 2 and 14 in a given portion of grating 10 along a 
path in which incident light 1 9 traverses. The length of 
the portion in which spacing 16 must be substantially 
the same is dependent upon the percentage of the 
wavelength of light 1 9 which is to be selected which is 
necessary to transmit information. Note that grating 10 
may be divided into several portions (not shown) having 
spacing 16 of a different width, but the same in each 
specific portion. 

Any electrically conductive material may be used to 
form rows 12 and 14. Examples of such materials in- 
clude gold or polyacetylene. Deformable material 11 
must be optically transparent to the wavelengths of light 
1 9 which are to be selected. Any deformable materials, 
such as polymers or elastomers having an index of re- 
fraction n v may be used. 

Diffraction grating 10 can be tuned by applying a 
positive voltage on rows 12 and 14, by applying a neg- 
ative voltage on rows 12 and 14, or by applying a neg- 
ative voltage on rows 1 2 and a positive voltage on rows 
1 4 (or vice versa) by any suitable means. When the volt- 
age is applied to rows 1 2 and 1 4, the electrostatic forces 
between rows 12 and 14 cause each alternate row 12 
and 14 to repel or attract each other thus increasing or 
decreasing spacing 16. 

FIG. 2 illustrates a cross-sectional view of a portion 
of diffraction grating 10 as shown in FIG. 1, but having 
a new spacing 16'. FIG. 2 illustrates the case where a 
negative voltage 20 is applied to rows 12 and rows 14. 
When negative voltage 20 is applied to rows 1 2 and 1 4, 
the electrostatic forces between rows 1 2 and 1 4 cause 
each alternate row 12 and 14 to repel each other thus 
increasing spacing 16 to a new spacing 16*. New spac- 
ing 1 6 f diffracts a different wavelength of light than spac- 
ing 16. Varying the voltage on rows 12 and 14 changes 
spacing 16, so that by proper design of rows 12 and 14 
and spacing 16, diffraction grating 10 may be used to 
tune across a band of wavelengths of light 19 for the 
desired wavelength. Upon varying the voltage on rows 
12 and 14, rows 12 and 14 are able to move because 
they are positioned on deformable material 11. Diffrac- 
tion grating 10 may also be used to minimize noise by 
tuning by selecting only the desired wavelengths of light. 

Rows 1 2 and 14 of diffraction grating 10 may be fab- 
ricated on deformable material 11 by any suitable meth- 
ods known in the art. For example, rows 12 and 1 4 may 
be fabricated by casting them on deformable material 
11. Rows 12 and 14 may also be formed by sputtering 
or evaporating an electrically conductive material on de- 
formable material 11 and then removing portions of the 
lectrically conductive material to form rows 12 and 14. 
Removal of portions of th el ctrically conductive mate- 
rial "may be accomplished by, for example, etching or ion 
milling. 



FIG. 3 illustrates a cross-sectional view of a second 
embodiment of a diffraction grating 10 of the present in- 
vention. The same reference numerals are used for the 
same elements shown in FIG. 1 throughout all the FIGs. 

5 In this embodiment, a s cond deformable materia! 30 is 
formed over rows 12 and 14. Deformable material 30 
may be the same as deformable material 11 , having the 
same index of refraction n v However, it may be desira- 
ble for deformable material 30 to have a second index 

io of refraction n 2 . In this case, deformable material 11 
would work to further bend a particular wavelength of 
light 1 9 into, for example, a photodetector 25. Diffraction 
grating 10 is positioned on photodetector 25 by any suit- 
able means. In fact, diffraction grating 10 may be sepa- 
ls rated from photodetector 25 by a pocket of air (not 
shown). Preferably, diffraction grating 10 is integrated 
with photodetector 25 or other devices that are capable 
of manipulating light. 

FIG. 4 illustrates a top view of a diffraction grating 

20 10 formed in a first configuration. As described with ref- 
erence to FIG. 1, spacing 16 must be substantially the 
same in a given portion of diffraction grating 1 0 along a 
path through which incident light 1 9 traverses. Thus, 
spacing 16 outside the path in which incident light 19 

25 traverses may vary in a given portion of diffraction grat- 
ing 10. This means that an infinite number of configura- 
tions are possible as long as spacing 16 is the same in 
a given portion of diffraction grating 10 along the path 
in which incident light 1 9 traverses. FIG. 4 illustrates one 

30 such configuration. Note that rows 1 2 are conveniently 
connected so that a means for applying a positive volt- 
age 21 is also convenient. Rows 1 4 are formed in similar 
fashion, but have negative voltage 20 applied thereto. 
In this embodiment, when positive voltage 21 and neg- 

35 ative voltage 20 is applied, rows 1 2 and 1 4 would attract 
each other, thus providing decreased spacing 16'. 

FIG. 5 illustrates a second configuration of a diffrac- 
tion grating 10. In this embodiment, when positive volt- 
age 21 is applied, rows 1 2 and 14 would repel each oth- 

40 er, thus providing increased spacing 16\ Rows 12 and 
1 4 of diffraction grating 1 0 must be designed to take into 
account the stresses, resistances, and capacitances 
present in diffraction grating 10. These parameters de- 
pend on the materials which comprise rows 12 and 14 

45 and deformable layer 11. What is desired is that rows 
12 and 1 4 be designed such that when positive voltage 
21 is applied, new spacing 16' is still the same between 
rows 12 and 14 for a given section of diffraction grating 
10. FIG. 5 illustrates a diffraction grating 10 having rows 

50 12 and 14 having a diminishing length along a portion 
of diffraction grating 10. This configuration may be pref- 
erable where there is low resistance and capacitance 
present. 

FIG. 6 illustrates a third configuration of diffraction 
55 grating 10. In addition, note that spacing 16 along th 
path in which incident light 19 traverses diffraction grat- 
ing 10 can be designed to be substantially the sam . 
Many other configurations, obviously which all can not 
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be shown, are possible. 

As can be readily seen, a tunable diffraction grating 
has been provided by the present invention. Th tunabl 
diffraction grating of the present invention allows selec- 
tion of different wavel ngths of light by varying th volt- 
age across alternate rows of a diffraction grating. In this 
manner, large amounts of information may be transmit- 
ted and received in a small, integrable tunable diffraction 
grating. 



Claims 

1. A tunable diffraction grating (10), comprising: 

elements (12, 14) of an electrically conductive 
material disposed on a first deformable material 
(11) in a row, wherein the deformable material 
(11) is transparent to a number of of wave- 
lengths of light (ig) and is deformable in ac- 
cordance with an applied electrical field, and 
wherein the elements (1 2, 1 4) of the electrically 
conductive material diffract a first wavelength 
of light (19); and 

a means for applying a voltage (20, 21) on the 
elements (12, 14) of the electrically conductive 
material to cause a change in spacings (1 6, 1 7) 
between the elements (12, 14) so that the dif- 
fraction grating (10) diffracts a second wave- 
length of light (19). 

2. The tunable diffraction grating of claim 1 wherein 
the electrically conductive material is a reflective or 
transmissive material. 

3. The tunable diffraction grating of claim 1 further 
comprising a photodetector (25) adjacent to the tun- 
able diffraction grating (10). 

4. The tunable diffraction grating of claim 1, wherein 
the means for applying a voltage (20,21 ) comprises 
a means for applying a positive (21 ) and a negative 
(20) voltage on alternate elements (12, 14) of the 
electrically conductive material. 

5. A tunable diffraction grating as claimed in claim 1 
including; 

a second deformable material (30) disposed on 
the elements ( 1 2, 1 4) of the electrically conduc- 
tive material, wherein the second deformable 
material (30) is transparent to a light (1 9) of nu- 
merous wavelengths and has an index of re- 
fraction (n2) different from the index of refrac- 
tion (n1) of the first deformable mat rial. 

6. A grating as claimed in claim 1, wherein the ele- 
ments (12, 14) comprise first (12) and second (14) 



rows of elements, the elements (1 2, 1 4) of each row 
having a predetermined spacing (17) and the ends 
of the elements (12, 14) being inter-digitated to pro- 
vide a second spacing (16) between adjacent edg- 
5 s of lements (12, 14). 

7. A grating as claimed in claim 6, wherein the ends 
of the elements (12, 14) of each row remote from 
the inter-digitated ends are coupled by a common 

io respective power bus. 

8. A grating as claimed in claims 6 or 7, wherein the 
length of the individual elements (1 2, 1 4) decreases 
in a direction along the rows. 

is 

9. A grating as claimed in claim 1 , wherein the ele- 
ments (12, 14) are arcuate and concentric in con- 
figuration and wherein a cross-section of the arcu- 
ate and concentric configuration forms the row of 
elements (12, 14). 



Patentanspruche 

2S 1. Abstimmbares Brechungsgitter (10), das umfaBt: 

Elemente (12, 14) eines elektrisch leitenden 
Materials, die auf einem ersten verformbaren 
Material (11) in einer Reihe angeordnet sind, 
30 wobei das verformbare Material (11) fur eine 

Reihe von Wellenlangen von Licht (19) durch- 
lassig'und entsprechend einem angelegten 
elektrischen Feld verformbar ist, wobei die Ele- 
mente (12, 14) des elektrischen leitenden Ma- 
ss terials eine erste Wellenlange von Licht (19) 
brechen; sowie 

eine Einrichtung zum Anlegen einer Spannung 
(20. 21 ) an die E lemente (1 2, 1 4) des elektrisch 
40 leitenden Materials, so daG sich die Zwischen- 

raume (16, 17) zwischen den Elementen (12, 
14) andern und das Brechungsgitter (10) eine 
zweite Wellenlange von Licht (1 9) bricht. 

4S 2. Abstimmbares Brechungsgitter nach Anspruch 1, 
wobei es sich bei dem elektrisch leitenden Material 
urn ein reflektierendes oder durchlassiges Material 
handeft. 

so 3. Abstimmbares Brechungsgitter nach Anspruch 1 , 
das des weiteren einen Photodetektor (20) an das 
abstimmbare Brechungsgitter (10) angrenzend um- 
faBt. 

55 4. Abstimmbares Brechungsgitter nach Anspruch 1, 
wobei di Einrichtung zum Anl gen einer Spannung 
(20, 21 ) eine Einrichtung zum Anlegen einer positi- 
v n (21 ) und einer n gativen (20) Spannung an al- 
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temierende Elemente (12, 14) des elektrisch leiten- 
den Materials umfaGt. 

5. Abstimmbares Brechungsgitter nach Anspruch 1, 
das enthalt: 

ein zweites verformbares Material (30), das auf den 
Elementen (12, 14) des elektrisch leitenden Mate- 
rials angeordnet ist, wobei das zweite verformbare 
Material (30) fur ein Licht (19) mehrerer Wellen Ian- 
gen durchlassig ist und einen Brechungsindex (n 2 ) 
hat, der sich vom Brechungsindex (n^ des ersten 
verformbaren Materials unterscheidet. 

6. Gitter nach Anspruch 1, wobei die Elemente (12, 
14) eine erste (12) und eine zweite (14) Reihe von 
Elementen umfassen, wobei die Elemente (12, 14) 
jeder Reihe einen vorgegebenen Zwischenraum 
(17) haben und die Enden der Elemente (12, 14) 
fingerartig ineinandergreifen, so daB ein zweiter 
Zwischenraum (16) zwischen benachbarten Ran- 
dern von Elementen (12, 14) entsteht. 

7. Gitter nach Anspruch 6, wobei die Enden der Ele- 
mente (12, 14) jeder Reihe, die von den fingerartig 
ineinandergreif enden Enden entfernt sind, durch ei- 
ne gemeinsame entsprechende Potent ialschiene 
verbunden sind. 

8. Gitter nach Anspruch 6 oder 7, wobei die Lange der 
einzelnen Elemente (12, 14) in einer Richtung ent- 
lang der Reihen abnimmt. 

9. Gitter nach Anspruch 1, wobei die Elemente (12, 
1 4) bogenformig und konzentrisch aufgebaut sind 
und wobei ein Querschnitt des bogenformigen und 
konzentrischen Aufbaus die Reihe von Elementen 
(12, 14) bildet 



Revendications 

1. Reseau de diffraction accordable (10), 
comprenant : 

des elements (12, 14) faits d'une matiere con- 
ductrice de I'electricite, disposes en une rangee 
sur une premiere matiere deformable (11), 
dans lequel la matiere deformable (11) est 
transparente pour un certain nombre de lon- 
gueurs d'onde de lumiere (19) et est deforma- 
ble en fonction d'un champ electrique applique, 
et dans lequel les elements (12, 14) de la ma- 
tiere conductrice de I'electricite diffractent une 
premiere longueur d'onde de lumiere (19) ; et 
un moyen pour appliquer une tension (20, 21) 
aux elements (12, 14) faits de la matiere con- 
ductrice d I'electricite pour provoquer un va- 
riation des ecartements (16, 17) entr les ele- 



8 

ments (12, 14) d sorte qu I reseau de dif- 
fraction (10) diffracte une d uxieme longueur 
d'onde de lumiere (19). 

5 2. Reseau d diffraction accordable s Ion la revendi- 
cation 1, dans lequel la matiere conductrice de 
I'electricite est une matiere reflechissante ou trans- 
missive. 

J0 3. Roseau de diffraction accordable selon la revendi- 
cation 1 , comprenant en outre un photodetecteur 
(25) adjacent au reseau de diffraction accordable 
(10). 

*5 4. Reseau de diffraction accordable selon la revendi- 
cation 1, dans lequel le moyen pour appliquer une 
tension (20, 21 ) comprend un moyen pour appliquer 
une tension positive (21) et une tension negative 
(20) aux elements alternes (12, 14) faits de la ma- 
20 tiere conductrice de I'electricite. 

5. Reseau de diffraction accordable selon la revendi- 
cation 1 , comprenant : 

25 une seconde matiere deformable (30) disposee 

sur les elements (12,14) faits de la matiere con- 
ductrice de I'electricite, dans lequel le second 
moyen deformable (30) est transparent pour 
une lumiere (19) de nombreuses longueurs 
30 d'onde et a un indice de refraction (n 2 ) different 

de I'indice de refraction (n y ) de la premiere ma- 
tiere deformable. 

6. Reseau selon la revendication 1, dans lequel les 
35 elements (12, 14) comprennent des premieres ran- 
gees (12) et secondes rangees (14) d'elements, les 
elements (12, 14) de chaque rangee ayant un ecar- 
tement predetermine (17) et les extremites des ele- 
ments (12, 14) etant interdigitees pour creer un se- 

40 cond ecartement (1 6) entre les bords adjacents des 
elements (12, 14). 

7. Reseau selon la revendication 6 , dans lequel les ex- 
tremites des elements (12, 14) de chaque rangee, 

4S eloignees des extremites interdigitees, sont reliees 
par un bus d'alimentation respectif commun. 

8. Reseau selon les revendications 6 ou 7, dans lequel 
la longueur des elements individuels (12, 14) dimi- 

50 nue dans le sens de la longueur des rangees. 

9. Reseau selon la revendication 1, dans lequel les 
elements (12, 14) sont disposes en arcs concentri- 
ques, et dans lequel une section transversale de la 

55 disposition en arcs concentriques forme la rangee 
d'elements (12, 14). 
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